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A liquid crystal display device comprising a liquid crystal 
panel in which liquid crystals having negative dielectric 
anisotropy are interposed between upper substrate and lower 
substrate that have been vertically oriented on the surface, the 
orientation of the liquid crystals being almost vertical with no 
applied voltage, almost horizontal when a predetermined 
voltage is applied, and tilted when a smaller voltage than the 
predetermined voltage is applied; a ?rst polarizer and a sec 
ond polarizer disposed on both sides of the liquid crystal 
panel such that the absorption axes of the polarizers are per 
pendicular to each other; a ?rst retardation ?lm disposed 
between the liquid crystal panel and the ?rst polarizer; and a 
second retardation ?lm disposed between the liquid crystal 
panel and the second polarizer, wherein the polarizer com 
prises a polarizing ?lm and a pair of protective ?lms having 
the polarizing ?lm in between, and wherein at least one of the 
protective ?lms is a cellulose acylate ?lm satisfying: 

/ POLARIZER 2 

I CELLULOSE 
’ ACYLATE FILM 7 

/ 
OPTICAL COMPENSATORY 
FILM 5 

LIQUID CRYSTAL CELL 3 

POLARIZER 1' 

CELLULOSE ACYLATE FILM 6 

OPTICAL COMPENSATORY FILM 4 



Patent Application Publication May 14, 2009 Sheet 1 0f 6 US 2009/0122243 A1 

Fig. 1 

POLARIZER 2 

LIQUID CRYSTAL CELL 3 

POLARIZER 1 

Fig.2 

POLARIZER 2 

LIQUID CRYSTAL CELL 3 

POLARIZER 1 



Patent Application Publication May 14, 2009 Sheet 2 0f 6 US 2009/0122243 A1 

Fig.3 

/ POLARIZER 2 

/ CELLULOSE 
/ ACYLATE FILM 7 

/ OPTICAL COMPENSATORY 

/ FILM 5 
LIQUID CRYSTAL CELL 3 

CELLULOSE ACYLATE FILM 6 

OPTICAL COMPENSATORY FILM 4 

Y / POLARIZER 1' 



Patent Application Publication May 14, 2009 Sheet 3 0f 6 US 2009/0122243 Al 

F i g . 4 

/ 
/ 
/ 

/ 

/ POLARIZER 2 
CELLULOSE ACYLATE FILM 9 

/ LIQUID CRYSTAL CELL 3 

// CELLULOSE ACYLATE FILM a 
/ 

OPTICAL COMPENSATORY FILM 8 

// 
y ‘ / POLARIZER 1 

/ 

2 L0 



Patent Application Publication 

Fig. 5 

35 

3O 

25 

15 

10 

ANGLE OF SLOW Axls(° ) 

Fig. 6 

OPTICAL COM 
+ CELL LOSE ACYLATE FILM 7 

20 

May 14, 2009 Sheet 4 0f 6 US 2009/0122243 A1 

RELATION BETWEEN THE SLOW AXIS OF 
OPTICAL COMPENSATORY FILM AND Re/Rth 
(AXIMUTHALANGLE=45°, POLARANGLE=80°) 

0.2 

NSATORY FILM 5 

l 

0.4 
Re/Rth 

Y 

0.6 0.8 



Patent Application Publication May 14, 2009 Sheet 5 0f 6 US 2009/0122243 A1 

Fig. 7 

LIQUID CRYSTAL 
LAYER 



Patent Application Publication May 14, 2009 Sheet 6 0f 6 US 2009/0122243 A1 

Fig. 8 

W / 
/ 13a 

\\\\<:5\\\\ 



US 2009/0122243 A1 

LIQUID CRYSTAL DISPLAY DEVICE, 
OPTICAL COMPENSATORY SHEET, AND 
POLARIZER AND LIQUID CRYSTAL 

DISPLAY DEVICE EMPLOYING THE SAME 

TECHNICAL FIELD 

[0001] The present invention relates to a liquid crystal dis 
play device having excellent display characteristics and vieW 
ing angle characteristics. 
[0002] The invention also relates to an optical compensa 
tory sheet having improved color shift When the vieWing 
angle is tilted from the front during dark state, a polarizer 
employing the optical compensatory sheet, and a liquid crys 
tal display device employing the polarizer. 

BACKGROUND ART 

[0003] Because of the toughness and ?ame retardancy, cel 
lulose acylate ?lms have been traditionally used for photo 
graphic supports and various optical materials. Particularly, 
in recent years, cellulose acylate ?lms are frequently used as 
optical transparent ?lms for liquid crystal display devices. 
Cellulose acylate ?lms exhibit high optical transparency and 
high optical isotropy and thus, are excellent as the optical 
materials for devices dealing With polarization, such as liquid 
crystal display devices. Therefore, cellulose acylate ?lms 
have been used heretofore as polarizer protective ?lms, or as 
supports for optical compensatory ?lms Whereby display 
vieWed from a tilted direction can be improved (viewing 
angle compensation). 
[0004] A polarizer, Which is one of the elements constitut 
ing a liquid crystal display device, is constructed by bonding 
a polarizer protective ?lm to at least one side of a polarizer. A 
polarizer in general can be obtained by staining a stretched 
polyvinyl alcohol (PVA) ?lm With iodine or a dichromatic 
dye. 
[0005] In many cases, as the polarizer protective ?lm, cel 
lulose acylate ?lms, in particular, triacetyl cellulose ?lms, 
Which can be directly bonded to PVA are used. Such a polar 
izer protective ?lm should be excellent in optical isotropy, 
and the characteristics of a polarizer greatly depend on the 
optical characteristics of the polarizer protective ?lm. 
[0006] Recent liquid crystal display devices are more 
strongly demanded for improvements in vieWing angle char 
acteristics. Thus, optical transparent ?lms such as polarizer 
protective ?lms or retardation ?lms (also called optical com 
pensatory ?lms) are required to be more optically isotropic. 
For an optical ?lm to be optically isotropic, it is important that 
the retardation value of the ?lm, Which is represented by the 
product of the birefringence and thickness of the ?lm, is 
small. Especially, in order to improve the display vieWed from 
a tilted direction, it is necessary to reduce the retardation in 
the front direction (Re) as Well as the retardation in the thick 
ness direction (Rth). More speci?cally, it is needed that upon 
evaluation of the optical properties of an optical transparent 
?lm, Re measured at the ?lm front is small, and Re does not 
change even though the measurement angle is varied. 
[0007] To the present, there have been cellulose acylate 
?lms having reduced front Re values, but it has been di?icult 
to produce cellulose acylate ?lms having little change of Re 
With the angle, that is, having small Rth. Thus, there have 
been suggested optical transparent ?lms having reduced 
angle change for Re by using polycarbonate ?lms or thermo 
plastic cycloole?n ?lms instead of cellulose acylate ?lms (for 
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example, JP-A Nos. 2001-318233 and 2002-328233, prod 
ucts available as ZEONOR (Zeon Corp. in Japan), ARTON 
(J SR Corp.), etc.). HoWever, When used as polarizer protec 
tive ?lms, these optical transparent ?lms have a problem in 
bonding to PVA because the ?lms are hydrophobic. There is 
another problem that the overall in-plane optical properties of 
the ?lms are non-uniform. 

[0008] As a solution to these problems, there has been a 
strong demand for a further improved cellulose acylate ?lm, 
Which attains excellent suitability for bonding to PVA by 
loWering the optical anisotropy. More speci?cally, the solu 
tion is an optically isotropic optical transparent ?lm obtained 
by loWering the frontal Re of the cellulose acylate ?lm to 
almost zero, and reducing the change in retardation angle, 
that is, loWering the Rth to almost zero. 
[0009] In the production of a cellulose acylate ?lm, gener 
ally a compound called a plasticizer is added to improve the 
?lm-forming performance. Known examples of the plasti 
cizer include phosphoric acid triesters such as triphenyl phos 
phate and biphenyldiphenyl phosphate, and phthalic acid 
esters (See, for example, Lecture on Plastic Materials, Vol. 
17, Nikkan Kogyo Shinbun, Ltd., “Cellulose Resins”, p. 121 
(1970)). It is knoWn that some of these plasticizers have an 
effect of loWering the optical anisotropy of cellulose acylate 
?lms, and for example, speci?c fatty acid esters are knoWn 
(See, for example, JP-A No. 2001 -2477 l 7). HoWever, it can 
not be said that the effect of loWering the optical anisotropy of 
cellulose acylate ?lms using these conventionally knoWn 
compounds is suf?cient. 
[0010] Furthermore, recent liquid crystal display devices 
are also increasingly demanded to have improved display 
colors. Therefore, optical transparent ?lms such as polarizer 
protective ?lms or supports for optical compensatory ?lm are 
required to have smaller Re or Rth in the visible light region 
With the Wavelength ranging from 400 to 800 nm, as Well as 
smaller changes in Re or Rth dependent on the Wavelength, 
that is, smaller chromatic dispersion. 
[0011] In general, a liquid crystal display device (LCD) 
comprises a liquid crystal cell and polarizers. The polarizer 
comprises protective ?lms and a polarizing ?lm, and is 
obtained by staining a polarizing ?lm made of a polyvinyl 
alcohol ?lm With iodine, stretching the polarizing ?lm, and 
laminating protective ?lms on both sides of the polarizing 
?lm. In a transmissive liquid crystal display device, this polar 
izer is mounted onboth sides of the liquid crystal cell, and one 
or more of optical compensatory sheets may be also disposed. 
In a re?ective liquid crystal display device, a re?ective plate, 
a liquid crystal cell, one or more optical compensatory sheets 
and a polarizer are disposed in the same order. The liquid 
crystal cell comprises liquid crystalline molecules, tWo sheets 
of substrates to enclose the molecules in betWeen, and an 
electrode layer to apply voltage to the liquid crystalline mol 
ecules. The liquid crystal cell performs ON/OFF display on 
the basis of the difference in the orientation state of the liquid 
crystalline molecules, and there have been suggested display 
modes such as TN (tWisted nematic), IPS (in-plane sWitch 
ing), OCB (optically compensatory bend), VA (vertically 
aligned) and ECB (electrically controlled birefringence), that 
are applicable both to the transmissive and re?ective types. 
[0012] Among these LCDs, for the uses Where high display 
quality is needed, a 900 tWisted nematic liquid crystal display 
device (hereinafter, referred to as TN mode) Which employs 
nematic liquid crystal molecules having positive dielectric 
anisotropy and is operated by a thin ?lm transistor, is mainly 
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used. However, the TN mode shows such viewing angle char 
acteristics that although the devices have excellent display 
characteristics when viewed from the front, their display 
characteristics deteriorate when viewed from a tilted direc 
tion, in a manner such that the contrast is reduced, or there 
occurs tone reversal in which brightness is reversed in gray 
scale display, or the like. Thus, improvements in these char 
acteristics are highly demanded. 
[0013] In recent years, as a form of LCD having improve 
ments in such viewing angle characteristics, there has been 
suggested a vertically aligned nematic liquid crystal display 
device (hereinafter, referred to as VA mode), in which nem 
atic liquid crystal molecules having negative dielectric 
anisotropy are employed such that the longer axes of the 
liquid crystal molecules are approximately aligned in a ver 
tical direction on the substrate, without any voltage applied, 
and these liquid crystal molecules are operated by a thin ?lm 
transistor (See JP-A No. 11-258605) This VA mode shows 
excellent display characteristics at a level equivalent to the 
TN mode when viewed from the front, and also exhibits 
expanded viewing angle characteristics due to the application 
of a retardation ?lm for viewing angle compensation. 
[0014] It is also known that in the VA mode, even expanded 
viewing angle characteristics can be realiZed by using a 
uniaxially oriented retardation ?lm having positive refractive 
index anisotropy and a negative uniaxial retardation ?lm hav 
ing the optical axis in a direction perpendicular to the ?lm 
plane (See JP-A No. 11-258605). 
[0015] However, in such a VA mode liquid crystal display 
device, if the optical anisotropy of the transparent protective 
?lm (also accomplishing the role as a support) holding the 
retardation ?lms and the polariZers is not designed to have an 
appropriate value, satisfactory viewing angle characteristics 
cannot be obtained. Furthermore, when the PVA ?lm consti 
tuting the polariZer contracts under the effect of heat and 
humidity, stress is exerted on the transparent protective ?lm 
holding the polariZer, whereby a change occurs in the optical 
anisotropy of the protective ?lm itself. Thus, there have been 
failures, in particular, deteriorating the display quality of 
so-called comer spots, which is light leakage at four comers 
of the screen. 

[0016] Thus, a ?rst object of the present invention is to 
provide a liquid crystal display device having excellent dis 
play characteristics and viewing angle characteristics. 
[0017] In addition, it is also known for the VA mode that 
characteristics of wider viewing angle can be obtained by 
using two sheets of negative uniaxial retardation ?lms having 
the optical axes in a direction perpendicular to the ?lm plane, 
above and below the liquid crystal cell, and that characteris 
tics of expanded viewing angle can be realiZed by using 
uniaxially oriented retardation ?lms having positive refrac 
tive index anisotropy and having an in-plane retardation value 
of 50 nm in this LCD (See SID 97 DIGEST pp. 845-848). 
[0018] However, use of two sheets of retardation ?lms (See 
SID 97 DIGEST pp. 845-848) is associated with an increase 
in the production costs, and has problems that bonding of a 
plurality of ?lms causes lowering in the process yield, use of 
a plurality of ?lms causes increased thickness, and it is dis 
advantages for the thickness reduction of the display device. 
Furthermore, use of an adhesive layer for laminating 
stretched ?lms causes contraction of the adhesive layer under 
changes in temperature and humidity, and thereby defects of 
delamination or warpage of ?lms may occur. As methods for 
improving these problems, there are disclosed a method of 
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reducing the number of retardation ?lms (See JP-A No. 
11-95208) and a method of using a cholesteric liquid crystal 
layer (See JP-A Nos. 2003-15134 and 11-95208). However, 
even these methods necessitate bonding of a plurality of ?lms, 
and thus are unsatisfactory from the viewpoints of thickness 
reduction and production costs reduction. Moreover, there 
have been problems that light leakage in a tilted direction of 
the polariZer during dark state is not completely suppressed in 
the visible light region, and the viewing angle is not su?i 
ciently expanded. A more important point is that, complete 
compensation of light leakage is dif?cult for the entire range 
of wavelength of the visible light with respect to the incident 
light in a tilted direction of the polariZer during dark state, and 
accordingly there is a problem that aZimuthal direction-de 
pendence of color shift occurs. There is also suggested a 
method of preventing light leakage by controlling chromatic 
dispersion of the retardation ?lm (See JP-A No. 2002 
221622), but there are problems that the difference between 
chromatic dispersion of the in-plane retardation and chro 
matic dispersion of the retardation in the thickness direction 
is not taken into account, and the effect of inhibiting light 
leakage is insu?icient. Furthermore, the effect of changing 
the birefringence of the liquid crystal layer is not suf?ciently 
considered, and a su?icient effect cannot be obtained, 
depending on the birefringence value of the liquid crystal 
layer. 
[0019] Therefore, a second object of the invention is to 
provide a liquid crystal display device, particularly a VA 
mode liquid crystal display device, having high contrast due 
to accurate optical compensation of the liquid crystal cell. In 
particular, it is an object of the invention to provide a liquid 
crystal display device, particularly a VA mode liquid crystal 
display device, having reduced light leakage in a tilted direc 
tion during dark state and thus having improved viewing 
angle contrast. 
[0020] Further, for example, Japanese Patent No. 2587398 
describes a technique of expanding the viewing angle by 
applying an optical compensatory sheet, which is produced as 
discotic liquid crystals are applied on a triacetyl cellulose 
?lm, aligned and ?xed, to a TN mode liquid crystal cell. 
However, with regard to liquid crystal display devices to be 
used for television sets, which are assumed to be viewed from 
various angles through large screens, it is dif?cult to require 
viewing angle dependence therefrom, and it is impossible to 
satisfy the requirement even with the method described 
above. Therefore, liquid crystal display devices that are dif 
ferent from the TN mode, such as IPS (In-Plane Switching) 
mode, OCB (Optically Compensatory Bend) mode and VA 
(Vertically Aligned) mode, are being investigated. Particu 
larly, the VA mode is attracting interest as a liquid crystal 
display device for TV, since it has high contrast and a rela 
tively high process yield in the production of large siZe 
screens. 

[0021] As an optical compensatory sheet for the VA mode, 
there are known a compensatory sheet having a ?lm (plate A) 
having an in-plane optical axis as an optically positive single 
axis and a ?lm (plate C) having an optical axis in the normal 
direction of the ?lm as an optically negative single axis, and 
a compensatory sheet which can realiZe viewing angle expan 
sion by using an optically biaxial ?lm (See JP-A Nos. 
11-258605 and 11-133413). However, these literatures do not 
mention about improvements in color shift when the viewing 
angle is tilted from the front during dark state. In such optical 
compensatory sheet for the VA mode, the color shift in the 
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case of tilting the vieWing angle from the front during dark 
state can be improved by taking the chromatic dispersion of 
Rew as a reciprocal chromatic dispersion (Rew in the shorter 
Wavelength side is smaller than ReOL) in the longer Wavelength 
side), and taking the chromatic dispersion of Rth(A) as a chro 
matic dispersion proper (Rex in the shorter Wavelength side is 
larger than Rew in the longer Wavelength side), and an opti 
cally biaxial ?lm having such chromatic dispersion charac 
teristics is disclosed (WO 2004/068226 A1). 
[0022] As a speci?c embodiment of the optical compensa 
tory sheet for the VA mode, JP-A No. 11-95208 discloses an 
optical compensatory sheet in Which a vertically uniaxially 
stretched ?lm of a norbomene polymer (trade name: ARTON) 
and a ?lm in Which a layer containing an organic viscous 
composite (trade name: Lucentite STN, Lucentite SPN) in a 
hydrophobic resin (trade name: Denkabutyral #3000-K) is 
formed on a triacetyl cellulose ?lm (trade name: FUJITACK 
SH-80). However, the Re“) chromatic dispersion of the ver 
tically uniaxially stretched ?lm of ARTON is not dependent 
on the Wavelength While being uniform, and the Rth(A) chro 
matic dispersion of the triacetyl cellulose ?lm is a reciprocal 
Wavelength distribution. Thus, from the vieWpoint of improv 
ing the color shift in the case of tilting the vieWing angle from 
the front during dark state, the performance is unsatisfactory. 
Furthermore, the optically anisotropic layer containing the 
organic viscous complex in the hydrophobic resin is less 
durable and soft, and thus the processability of the layer is not 
good. 
[0023] As a speci?c embodiment of the optical compensa 
tory sheet for the VA mode, JP-A No. 2002-311243 describes 
an optical compensatory sheet prepared from an optically 
anisotropic layer comprising rod-shaped nematic liquid crys 
tals on triacetyl cellulose (trade name: FUJITACK T-50 SH) 
and another optically anisotropic layer comprising choles 
teric liquid crystals; an optical compensatory sheet prepared 
from an optically anisotropic layer consisting of a polyimide 
layer on the triacetyl cellulose and another rod-shaped nem 
atic liquid crystal layer; and a polariZer including an optical 
compensatory layer, having either of the above-described 
optical compensatory sheets laminated on a polariZer Which 
employs triacetyl cellulose as a protective ?lm. Even for any 
one of these tWo polariZers including optical compensatory 
sheet, the Rew chromatic dispersion of the optically aniso 
tropic layer comprising rod-shaped nematic liquid crystals is 
chromatic dispersion proper, and the Rth(A) chromatic disper 
sion of the triacetyl cellulose ?lm is reciprocal chromatic 
dispersion. Thus, from the vieWpoints of improving the color 
shift in the case of tilting the vieWing angle from the front 
during dark state, the performance is unsatisfactory. 
[0024] Thus, a third object of the invention is to provide an 
optical compensatory sheet in Which ideal chromatic disper 
sion characteristics capable of improving the color shift in the 
case of tilting the vieWing angle from the front during dark 
state of a liquid crystal display device, are realiZed by lami 
nation of a plurality of retardation ?lms; a polariZer employ 
ing the optical compensatory sheet as protective ?lms; and a 
liquid crystal display device employing the polariZer. 

DISCLOSURE OF THE INVENTION 

[0025] The ?rst object of the present invention is achieved 
by the folloWing means (hereinafter, referred to as the “?rst 
embodiment”). 
[0026] [1] A liquid crystal display device comprising a 
liquid crystal panel in Which liquid crystals having negative 
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dielectric anisotropy are interposed betWeen upper substrate 
and loWer substrate that have been vertically oriented on the 
surface, the orientation of the liquid crystals being almost 
vertical With no applied voltage, almost horiZontal When a 
predetermined voltage is applied, and tilted When a smaller 
voltage than the predetermined voltage is applied; a ?rst 
polariZer and a second polariZer disposed on both sides of the 
liquid crystal panel such that the absorption axes of the polar 
iZers are perpendicular to each other; a ?rst retardation ?lm 
disposed betWeen the liquid crystal panel and the ?rst polar 
iZer; and a second retardation ?lm disposed betWeen the 
liquid crystal panel and the second polariZer, Wherein the 
polariZer comprises a polarizing ?lm and a pair of protective 
?lms having the polarizing ?lm in betWeen, and Wherein at 
least one of the protective ?lms is a cellulose acylate ?lm 
satisfying: 

0§Re(63O)§10 and lRth(63O)l 225. 

[0027] [2] The liquid crystal display device according to 
[1], Wherein the ?rst retardation ?lm satis?es: 

50§Re(589)§100 and 30§Rth(589)§80, and 

the second retardation ?lm satis?es: 

Re(589)§20 and 100§Rth(589)l§300. 

[0028] [3] The liquid crystal display device according to [1] 
or [2], Wherein the cellulose acylate ?lm satis?es: 

[0029] [4] The liquid crystal display device according to 
any one of [1] to [3], Wherein the cellulose acylate ?lm sat 
is?es: 

[0030] [5] The liquid crystal display device according to 
any one of [1] to [4], Wherein the cellulose acylate ?lm con 
tains at least one compound reducing the retardation in the 
direction of ?lm thickness, Rth, in an amount satisfying the 
folloWing formulas (I) and (II): 

0.01§A§30 (11) 

wherein Rth(A) is the Rth (nm) of the ?lm containing A % of 
the compound reducing Rth, Rth(0) is the Rth (nm) of the ?lm 
not containing the compound reducing Rth, and A is the 
Weight (%) of the compound based on 100% of the Weight of 
the raW material polymer of the ?lm. 
[0031] [6]. The liquid crystal display device according to 
any one of [1] to [5], Wherein the cellulose acylate ?lm is 
made of cellulose acylate With a degree of acyl substitution of 
2.85 to 3.00 containing at least one compound reducing Rew 
and Rth(A), in an amount of 0.01 to 30% by Weight relative to 
the cellulose acylate solids content. 
[0032] [7] The liquid crystal display device according to 
any one of [1] to [6], Wherein the cellulose acylate ?lm con 
tains at least one compound reducing |Re(4OO)—Re(7OO)| and 
|Rth(4OO)—Rth(7OO)| of the ?lm, in an amount of 0.01 to 30% by 
Weight relative to the cellulose acylate solids content. 
[0033] [8] The liquid crystal display device according to 
any one of [1] to [7], Wherein the cellulose acylate ?lm has a 
thickness of 10 to 120 pm. 
[0034] The second obj ect of the invention is achieved by the 
folloWing means (hereinafter, referred to as the “second 

embodiment”). 
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[0035] [9] A liquid crystal display device comprising a pair 
of substrates disposed to face each other, at least one of them 
having an electrode, and a nematic liquid crystal material 
interposed betWeen the pair of substrates; and having a liquid 
crystal cell having a liquid crystal layer in Which the liquid 
crystal molecules of the nematic liquid crystal material align 
approximately vertically to the surfaces of the pair of sub 
strates during dark state, a ?rst polarizing ?lm and a second 
polarizing ?lm disposed such that the liquid crystal cell is 
interposed betWeen the ?lms, and optical compensatory ?lms 
respectively disposed betWeen the liquid crystal layer and the 
?rst polarizing ?lm, and betWeen the liquid crystal layer and 
the second polarizing ?lm, 
[0036] Wherein a cellulose acylate ?lm is disposed betWeen 
the optical compensatory ?lm and at least one of the polariz 
ing ?lm and the liquid crystal layer, 
[0037] Wherein When the thickness of the liquid crystal 
layer is d (unit: nm), the refractive index anisotropy at a 
Wavelength 7» (unit: nm) is An“), the sum of the in-plane 
retardations of the optical compensatory ?lm and the cellu 
lose acylate ?lm at the Wavelength 7» is Resumox), and the sum 
of the retardations of the optical compensatory ?lm and the 
cellulose acylate ?lm in the thickness direction at the Wave 
length 7» is Rthsumw, With respect to at least tWo different 
Wavelengths in the Wavelength range of 380 nm to 780 nm, 
the folloWing formulas (I) to (IV) are satis?ed: 

—0.041§C§0.016, and 

D:0.0939; and (IV) 

Wherein When the in-plane retardation of the cellulose acylate 
?lm at the Wavelength 7» (unit: nm) is Rem‘), and the retarda 
tion in the thickness direction of the cellulose acylate ?lm at 
the Wavelength 7» (unit: nm) is Rthwo, the folloWing formulas 
(IX) and (X) are satis?ed: 

[0038] [10] The liquid crystal display device according to 
[9], Wherein the in-plane sloW axis of the optical compensa 
tory ?lm, and the transmission axis of the polarizing ?lm 
among the ?rst and the second polarizing ?lms, Which is 
disposed closer to the optical compensatory ?lm, are substan 
tially parallel. 
[0039] [11] The liquid crystal display device according to 
[9] or [10], Wherein With respect to at least tWo Wavelengths 
differing by 50 nm or greater, the above formulas (I) to (IV) 
are satis?ed. 

[0040] [12] The liquid crystal display device according to 
any one of [9] to [1 1], Wherein With respect to all Wavelengths 
of 450 nm, 550 nm and 650 nm, the above formulas (I) to (IV) 
are satis?ed. 
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[0041] [13] A liquid crystal display device comprising a 
pair of substrates disposed to face each other, at least one of 
them having an electrode, and a nematic liquid crystal mate 
rial interposed betWeen the pair of substrates; and having a 
liquid crystal cell having a liquid crystal layer in Which the 
liquid crystal molecules of the nematic liquid crystal material 
align approximately vertically to the surfaces of the pair of 
substrates during dark state, a ?rst polarizing ?lm and a 
second polarizing ?lm disposed such that the liquid crystal 
cell is interposed betWeen the ?lms, an optical compensatory 
?lm disposed betWeen the liquid crystal layer and one of the 
?rst and second polarizing ?lms, and a cellulose acylate ?lm 
disposed betWeen the liquid crystal layer and at least one of 
the ?rst and second polarizing ?lms, 
[0042] Wherein When the thickness of the liquid crystal 
layer is d (unit: nm), the refractive index anisotropy at a 
Wavelength 7» (unit: nm) is An“), the sum of the in-plane 
retardations of the optical compensatory ?lm and the cellu 
lose acylate ?lm at the Wavelength 7» is Resumw, and the sum 
of the retardations of the optical compensatory ?lm and the 
cellulose acylate ?lm in the thickness direction at the Wave 
length 7» is Rthsumw, With respect to at least tWo different 
Wavelengths in the Wavelength range of 380 nm to 780 nm, 
the folloWing formulas (V) to (VIII) are satis?ed: 

0.726§E§0.958, 

0.0207§F§0.0716,a.nd 

G:0.032; and (VIII) 

Wherein When the in-plane retardation of the cellulose acylate 
?lm at the Wavelength 7» (unit: nm) is Rem», and the retarda 
tion in the thickness direction of the cellulose acylate ?lm at 
the Wavelength 7» (unit: nm) is Rthzox), the folloWing formulas 
(IX) and (X) are satis?ed: 

[0043] [14] The liquid crystal display device according to 
[13], Wherein the in-plane sloW axis of the optical compen 
satory ?lm, and the transmission axis of the polarizing ?lm 
among the ?rst and the second polarizing ?lms, Which is 
disposed closer to the optical compensatory ?lm, are substan 
tially parallel. 
[0044] [15] The liquid crystal display device according to 
[13] or [14], Wherein the angle betWeen the in-plane sloW axis 
of the cellulose acylate ?lm and the transmission axis of the 
polarizing ?lm among the ?rst and second polarizing ?lms, 
Which is disposed closer to the cellulose acylate ?lm, is 
betWeen —10° and 10°, or betWeen 80° and 110°. 

[0045] [16] The liquid crystal display device according to 
any one of [13] to [15], Wherein With respect to at least tWo 
Wavelengths differing by 50 nm or greater, the above formu 
las (V) to (VIII) are satis?ed. 
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[0046] [17] The liquid crystal display device according to 
any one of [13] to [16], Wherein With respect to all Wave 
lengths of 450 nm, 550 nm and 650 nm, the above formulas 
(V) to (V 111) are satis?ed. 
[0047] The third object of the invention is achieved by the 
following means (hereinafter, referred to as the “third 
embodiment”). 
[0048] [18] An optical compensatory sheet having in order 
of a transparent support satisfying the folloWing formulas (1) 
and (2), an optically anisotropic layerA satisfying the folloW 
ing formula (3) and an optically anisotropic layer C satisfying 
the folloWing formula (4) disposed thereon: 

0§Re(59(,)§10 and 1111116900525, (1) 

lRe(45O)—Re(65O)l ; 10 and lRth(45O)—RLh(65O)l 535 (2) 

10§Re(59O)§150 and 05111116905200 (3) 

0§Re(59(,)§10 and 40§Rth(59(,)§400 (4) 

Wherein Rew is the front retardation value (unit: nm) at a 
Wavelength of 7» nm, and Rthw is the retardation value (unit: 
nm) in the thickness direction at a Wavelength of 7» nm. 

[0049] [19] An optical compensatory sheet having in order 
of a transparent support satisfying the folloWing formulas (1) 
and (2), an optically anisotropic layer C satisfying the folloW 
ing formula (4) disposed thereon, and an optically anisotropic 
layerA satisfying the folloWing formula (3) disposed thereon: 

0§Re(59O)§10 and lRth(59O)§25, (1) 

lRe(45O)—Re(7OO)l ; 10 and lRth(45O)—RLh(65O)l 535 (2) 

10§Re(59O)§150 and 05111116905200 (3) 

0§Re(59O)§10 and 40511016905400 (4) 

Wherein Rew is the front retardation value (unit: nm) at a 
Wavelength of 7» nm, and Rthw is the retardation value (unit: 
nm) in the thickness direction at a Wavelength of 7» nm. 

[0050] [20] The optical compensatory sheet according to 
[18] or [19], Wherein the transparent support contains at least 
one compound reducing Rthw, in an amount satisfying the 
folloWing formulas (5) and (6): 

(R111(M(A)-R111W(0)/A5-1.0, and (5) 

0.01§A§30 (6) 

Wherein Rthw (A) is Rthw (nm) of the transparent support 
containing A % of the compound reducing Rthw; Rth(;t)(0) is 
RthOL) (nm) of the transparent support not containing the 
compound reducing Rthw; and A is the Weight (%) of the 
compound based on 100% by Weight of the raW material 
polymer for the transparent support. 
[0051] [21] The optical compensatory sheet according to 
any one of [18] to [20], Wherein the transparent support con 
tains at least one compound reducing |Re(4OO)—Re(7OO)| and 
|Rth(4OO)—Rth(7OO)|, in an amount of 0.01 to 30% by Weight 
relative to the solids content of the raW material polymer for 
the support. 
[0052] [22] The optical compensatory sheet according to 
any one of [18] to [21], Wherein the transparent support is 
formed from a cellulose acylate ?lm. 

[0053] [23] The optical compensatory sheet according to 
[22], Wherein the cellulose acylate ?lm is made of cellulose 
acylate With a degree of acyl substitution of 2.85 to 3.00 
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containing at least one compound reducing Rew and Rthw, 
in an amount of 0.01 to 30% by Weight relative to the cellulose 
acylate solids content. 
[0054] [24] The optical compensatory sheet according to 
any one of [18] to [23], Wherein the ?lm thickness of the 
transparent support is 10 to 120 pm. 
[0055] [25] The optical compensatory sheet according to 
any one of [18] to [24], Wherein the optically anisotropic layer 
A is made of a stretched polymer ?lm. 
[0056] [26] The optical compensatory sheet according to 
any one of [18] to [24], Wherein the optically anisotropic layer 
A is formed from a liquid crystalline compound. 
[0057] [27] The optical compensatory sheet according to 
any one of [18] to [26], Wherein the optically anisotropic layer 
C is made of a stretched polymer ?lm. 
[0058] [28] The optical compensatory sheet according to 
any one of [18] to [26], Wherein the optically anisotropic layer 
C is formed from a liquid crystalline compound. 
[0059] [29] The optical compensatory sheet according to 
any one of [18] to [26], Wherein the optically anisotropic layer 
C is formed from a non-liquid crystalline compound. 
[0060] [30] The optical compensatory sheet according to 
any one of [18] to [29], Wherein the Wavelength dependence 
of Rew of the optical anisotropic layerA satis?es the folloW 
ing formulas (7) and (8): 

Re(45o)/Re(55o):0.60 to 0.98, and (7) 

Re(65O)/Re(55O):1.00 to 1.60. (8) 

[0061] [31] The optical compensatory sheet according to 
any one of [18] to [29], Wherein the Wavelength dependence 
of Rthw of the optical anisotropic layer C satis?es the fol 
loWing formulas (9) and (10): 

Rth(45o)/Rth(55o):l.02 to 1.60, and (9) 

Rth(65O)/Rth(55O):0.60 to 1.00. (10) 

[0062] [32] The optical compensatory sheet according to 
any one of [18] to [29], Wherein the Wavelength dependence 
of Rew of the optical anisotropic layerA satis?es the folloW 
ing formulas (7) and (8), While the Wavelength dependence of 
Rthw of the optical anisotropic layer C satis?es the folloWing 
formulas (9) and (10): 

Re(45o)/Re(55o):0.60 to 0.98, (7) 

Re(65O)/Re(55(,):1.00 to 1.60, (8) 

Rth(45o)/Rth(55o):l.02 to 1.60, and (9) 

Rth(65O)/Rth(55(,):0.60 to 1.00. (10) 

[0063] [33] A polariZer having protective ?lms on both 
sides of a polariZer, Wherein at least one of the protective ?lms 
is the optical compensatory sheet according to any one of [18] 
to [32], and the side facing the transparent support is bonded 
to the polariZer. 
[0064] [34] The polariZer according to [33], Wherein the 
protective ?lm contains at least one selected from the group 
consisting of a plasticiZer, an ultraviolet absorbent, a release 
promoting agent, a dye, a matting agent and conductive 
microparticles. 
[0065] [35] The polariZer according to [33] or [34], Wherein 
at least one layer selected from the group consisting of a 
hardcoat layer, an anti-glare layer, an anti-re?ection layer, an 
anti-fouling layer and an antistatic layer is provided on the 
surface of at least one protective ?lm. 
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[0066] [36] A liquid crystal display device having a liquid 
crystal cell and a pair of polariZers disposed on both sides of 
the liquid crystal cell, Wherein at least one of the polariZers is 
the polariZer according to any one of [33] to [35]. 

[0067] [37] A liquid crystal display device having a liquid 
crystal cell and a pair of polariZers disposed on both sides of 
the liquid crystal cell, Wherein the polariZer comprises a 
polariZer and a pair of protective ?lms having the polariZer 
interposed in betWeen, and at least one of the protective ?lms 
is the optical compensatory sheet according to [l 8]. 
[0068] [38] A liquid crystal display device having a liquid 
crystal cell and a pair of polariZers disposed on both sides of 
the liquid crystal cell, Wherein the polariZer comprises a 
polariZer and a pair of protective ?lms having the polariZer 
interposed in betWeen, and at least one of the protective ?lms 
is the optical compensatory sheet according to [l 9]. 
[0069] [39] The liquid crystal display device according to 
any one of [36] to [38], Wherein the liquid crystal cell is aVA 
mode cell. 

[0070] According to the ?rst embodiment of the invention, 
a liquid crystal display device having excellent vieWing angle 
characteristics, reduced corner spots, and high display quality 
can be provided. 

[0071] The second embodiment of the invention has been 
completed based on the knowledge obtained as a result of the 
inventors’ devoted study, and is to independently control the 
chromatic dispersions of the in-plane retardation and the 
retardation in the thickness direction of an optical compen 
satory ?lm by appropriately selecting the material or produc 
tion method, in order to determine the optimal optical values, 
thus making the vieWing angle compensation at a dark state of 
a liquid crystal cell, particularly aVA mode liquid crystal cell, 
possible at any Wavelength in the visible light region. As a 
result, the liquid crystal display device according to the sec 
ond embodiment of the invention reduces light leakage at a 
tilted angle during dark state With respect to an arbitrary 
Wavelength, thus remarkably improving the vieWing angle 
contrast. Furthermore, the liquid crystal display device 
according to the second embodiment of the invention can 
suppress light leakage in the tilted direction during dark state 
in an arbitrary visible Wavelength region, even in the case of 
birefringence of other liquid crystal layers. 
[0072] According to the third embodiment of the invention, 
an optical compensatory sheet having ideal chromatic disper 
sion characteristics, Which can improve the color shift of 
When the vieWing angle is tilted from the front during dark 
state of a liquid crystal display device, can be provided. 
[0073] In particular, according to the third embodiment of 
the invention, ideal optical compensation can be realiZed by 
reducing the optical anisotropy (Rem), Rthw) of a transparent 
support forming the optical compensatory sheet, Without hav 
ing any adverse effect on the optical compensation effect of 
the optically anisotropic layer caused by the optical proper 
ties of the transparent support, and thus the color shift par 
ticularly of When the vieWing angle is tilted from the front 
during dark state can be improved. 

[0074] Furthermore, according to the third embodiment of 
the invention, a polariZer can be prepared from the above 
described optical compensatory sheet and a generally used 
polariZer, for example, one formed from a stretchedpolyvinyl 
alcohol ?lm, by a process for preparation of a polariZer 
employing conventional cellulose acetate as the protective 
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?lm, and further, a liquid crystal display device having high 
display quality can be provided by using the polariZer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0075] FIG. 1 is a schematic diagram illustrating the exem 
plary constitution of a conventional VA mode liquid crystal 
display device. 
[0076] FIG. 2 is a schematic diagram illustrating the exem 
plary constitution of a conventional VA mode liquid crystal 
display device. 
[0077] FIG. 3 is a schematic diagram illustrating the exem 
plary constitution of one type of liquid crystal display device 
of the second embodiment. 
[0078] FIG. 4 is a schematic diagram illustrating the exem 
plary constitution of another type of liquid crystal display 
device of the second embodiment. 
[0079] FIG. 5 is a graph shoWing the optical characteristics 
of an exemplary optical compensatory ?lm used for the sec 
ond embodiment. 
[0080] FIG. 6 is a schematic diagram of a Poincare sphere 
used to illustrate the change in the polarization state of inci 
dent light in an exemplary liquid crystal display device of the 
second embodiment. 
[0081] FIG. 7 is a schematic diagram of a Poincare sphere 
used to illustrate the change in the polariZation state of inci 
dent light in another exemplary liquid crystal display device 
of the second embodiment. 
[0082] FIG. 8 is a schematic diagram illustrating an exem 
plary liquid crystal display device of the second embodiment. 
[0083] In the draWings, 1 denotes polariZer, 2 denotes 
polariZer, 3 denotes liquid crystal cell, 4, 5 and 6 denote 
optical compensatory ?lm, 11 and 101 denote polarizing ?lm, 
12 and 102 denote absorption axis, 13 and 103 denote pro 
tective ?lm (cellulose acylate ?lm), 13a and 10311 denote 
in-plane sloW axis, 15 and 19 denote optical compensatory 
?lm, 15a and 19a denote in-plane sloW axis, 16 and 18 denote 
substrate, and 17 denotes liquid crystal molecules. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0084] Hereinafter, the invention Will be described in detail. 
The description of the constituent factors described beloW 
may be based on the representative Examples of the inven 
tion, but the invention is not limited to such Examples. In 
addition, the numerical value range represented by “to” as 
used herein means the range including the numerical values 
described before and after the symbol “to” as the loWer limit 
and the upper limit. 
[0085] Moreover, in the present speci?cation, the terms 
“parallel” or “perpendicular” implies that the relative dispo 
sition is Within the range of the precise anglezless than 5°. 
The error from the precise angle is preferably less than 4°, and 
more preferably less than 3°. With regard to the angle, “+” 
means the clockWise direction, While “—” means the counter 
clockWise direction. The term “sloW axis” means the direc 
tion in Which the refractive index is the maximum. The “vis 
ible light region” is from 380 nm to 780 nm. In addition, the 
Wavelength for the measurement of refractive index is the 
value at 7»:550 nm in the visible light region, if not stated 
otherWise. 
[0086] In the present speci?cation, the term “polariZer” is 
used to mean both the long-lengthpolariZer, as long as it is not 
particularly cut, and the polariZer cut to a siZe ?tting in the 
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liquid crystal device (the term “cutting” includes “punching” 
and “excision”). Furthermore, in the present speci?cation, the 
“polarizing ?lm” and “polarizer” are distinctively used, but 
the “polarizer” is to mean a laminate in Which the “polarizing 
?lm” has, on at least one side thereof, a transparent protective 
?lm to protect the polarizing ?lm. 
[0087] In the present speci?cation, the in-plane retardation 
Rew and the retardation in the thickness direction Rthw at a 
Wavelength 7» of various ?lms, such as a cellulose acylate ?lm 
and an optical compensatory ?lm, are meant by the values 
obtained by the folloWing method. First, ReOL) means the 
value measured With a light having a Wavelength of 7» nm 
incident from the normal direction of the ?lm, by using 
KOBRA-21ADH (Oji Scienti?c Instruments) Rthw means 
the value calculated based on retardation values measured in 
three directions in total, such as the above-described Re“), 
the retardation value measured With a light having a Wave 
length of 7» nm incident from a direction tilted by +40o from 
the normal direction of the ?lm around the sloW axis (deter 
mined by KOBRA-21ADH) as the tilt axis (axis of rotation), 
and the retardation value measured With a light having a 
Wavelength 7» nm incident from a direction of tilted by —400 
from the normal direction of the ?lm around the sloW axis as 
the tilt axis (axis of rotation), using KOBRA-21ADH. Here, 
for the presumed value of the average refractive index, the 
values given in the Polymer Handbook (John Wiley & Sons, 
Inc.) and various catalogues for optical ?lms can be used. For 
those having an average refractive index value different from 
the conventional values, the refractive index can be measured 
using an Abbe refractometer. The average refractive index 
values of frequently used optical ?lms are exempli?ed beloW: 
cellulose acylate (1.48), cycloole?n polymer (1.52), polycar 
bonate (1.59), polymethyl methacrylate (1.49), and polysty 
rene (1.59). 
[0088] When the assumed values of these average refrac 
tive indices and the ?lm thickness are input, the KOBRA 
21ADH calculates nx, ny and nz. 
[0089] Throughout the invention, the average refractive 
index used for the cellulose acylate ?lm Was 1.48. 
[0090] In the ?rst embodiment, the average refractive index 
used for the ?rst retardation ?lm Was 1.52, While the average 
refractive index used from the second retardation ?lm Was 
1.6. 
[0091] In the second embodiment, the sum of the in-plane 
retardations of the cellulose acylate ?lm and the optical com 
pensatory ?lm, Resumox), and the sum of the retardations in the 
thickness direction thereof, Rthsumw, also mean the values 
obtained by the above-described method. 

FIRST EMBODIMENT 

[0092] Hereinafter, the ?rst embodiment of the invention 
Will be described. 
[0093] The liquid crystal display device of the ?rst embodi 
ment includes a liquid crystal panel in Which liquid crystals 
having negative dielectric anisotropy are interposed betWeen 
upper substrate and loWer substrate that have been vertically 
oriented on the surface, the orientation of the liquid crystals 
being almost vertical With no applied voltage, almost hori 
zontal When a predetermined voltage is applied, and tilted 
When a voltage smaller than the predetermined voltage is 
applied; a ?rst polarizer and a second polarizer disposed on 
both sides of the liquid crystal panel such that the absorption 
axes of the polarizers are perpendicular to each other; a ?rst 
retardation ?lm disposed betWeen the liquid crystal panel and 
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the ?rst polarizer; and a second retardation ?lm disposed 
betWeen the liquid crystal panel and the second polarizer, 
Wherein the polarizer comprises a polarizing ?lm and a pair of 
protective ?lms having the polarizing ?lm in betWeen. For at 
least one of the protective ?lms, the in-plane retardation, 
Remo), at a Wavelength of 630 nm is 10 nm or less (OéRe 
(63O)§10), While the absolute value of the retardation in the 
thickness direction, Rth(63o), is 25 nm or less (lRthl 225 nm). 
Furthermore, the values are preferably 0§Re(63O)§5 and 
|Rth| g 10 nm, more preferably 0§Re(63O)§3 and |Rth| 25. In 
the present invention, there can be provided a VA (Vertically 
Aligned) mode liquid crystal display device having excellent 
vieWing angle characteristics, With reduced corner spots, by 
using a cellulose acetate ?lm having a retardation in the 
above-described range and also having excellent durability as 
the protective ?lm of the polarizer. 
[0094] Hereinafter, the cellulose acylate ?lm Will be further 
described. 

[Cellulose Acylate RaW Material Fiber] 

[0095] The cellulose used in the ?rst embodiment as the 
raW material for cellulose acylate may be cotton linter or 
Wood pulp (hardWood pulp, softWood pulp), and cellulose 
acetate obtained from any of the raW material celluloses can 
be used, and if necessary, may be used in mixtures. Detailed 
description on such raW material celluloses can be found in, 
for example, Lecture on Plastic Materials (17), Cellulose 
Resins (by MarusaWa and Uda, Nikkan Kogyo Shinbun, Ltd. 
(1970)) or Patent Studies of the Japanese Institute of Inven 
tion and Innovation 2001-1745 (pp. 7-8), and celluloses 
described therein can be used. The cellulose acylate ?lm used 
as the protective ?lm for the polarizer in the ?rst embodiment 
is not particularly limited. 

[Degree of Substitution of Cellulose Acylate] 

[0096] Next, the cellulose acylate used as the protective 
?lm of the polarizer in the ?rst embodiment, Which is pro 
duced from the above-described cellulose raW materials, Will 
be described. The cellulose acylate used in the ?rst embodi 
ment is cellulose having its hydroxyl groups acylated, and the 
substituents that can be used include from an acyl group 
having 2 carbon atoms, Which is an acetyl group, to an acyl 
group having 22 carbon atoms. For the cellulose acylate used 
in the ?rst embodiment, the degree of substitution of the 
hydroxyl group of cellulose is not particularly limited, but the 
degree of substitution can be obtained by measuring the 
degree of bonding of acetic acid and/ or fatty acid having 3 to 
22 carbon atoms that substitute the hydroxyl group of cellu 
lose, folloWed by calculation. The measurement can be car 
ried out according to ASTM D-817-91. 

[0097] For the cellulose acylate used in the ?rst embodi 
ment, the degree of substitution of the hydroxyl group of 
cellulose is not particularly limited, but the degree of acyl 
substitution of the hydroxyl group of cellulose is preferably 
2.50 to 3.00. Further, the degree of substitution is preferably 
2.75 to 3.00, more preferably 2.85 to 3.00. 

[0098] Among the acetic acid and/or fatty acid having 3 to 
22 carbon atoms substituting the hydroxyl group of cellulose, 
the acyl group having 2 to 22 carbon atoms may be an ali 
phatic group or an allyl group, Without being particularly 
limited, and may be used individually or in combination of 
tWo or more species. Examples thereof include alkylcarbonyl 
esters, alkenylcarbonyl esters or aromatic carbonyl esters, 
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aromatic alkylcarbonyl esters of cellulose, each of Which may 
be further substituted. Preferred examples of such acyl group 
include an acetyl group, a propionyl group, a butanoyl group, 
a heptanoyl group, a hexanoyl group, an octanoyl group, a 
decanoyl group, a dodecanoyl group, a tridecanoyl group, a 
tetradecanoyl group, a hexadecanoyl group, an octadecanoyl 
group, an iso-butanoyl group, a tert-butanoyl group, a cyclo 
hexanecarbonyl group, an oleoyl group, a benzoyl group, a 
naphthylcarbonyl group, a cinnamoyl group and the like. 
Among these, an acetyl group, a propionyl group, a butanoyl 
group, a dodecanoyl group, an octadecanoyl group, a tert 
butanoyl group, an oleoyl group, a benzoyl group, a naphth 
ylcarbonyl group, a cinnamoyl group and the like are pre 
ferred, and an acetyl group, a propionyl group and a butanoyl 
group are more preferred. 
[0099] As a result of devoted study of the inventors, it Was 
found that in the case Where the acyl sub stituents substantially 
include at least tWo species selected from an acetyl group/a 
propionyl group/ a butanoyl group among the above-de 
scribed acyl substituents substituting the hydroxyl group of 
cellulose, When the total degree of substitution is 2.50 to 3 .00, 
the optical anisotropy of the cellulose acylate ?lm can be 
effectively reduced. The degree of acyl substitution is more 
preferably 2.60 to 3.00, and even more preferably 2.65 to 
3.00. 

[Degree of Polymerization of Cellulose Acylate] 

[0100] The degree of polymerization of cellulose acylate 
preferably used in the ?rst embodiment is 180 to 700 as the 
viscosity average degree of polymerization, and the degree of 
polymerization of cellulose acetate is more preferably 180 to 
550, even more preferably 180 to 400, and particularly pref 
erably 180 to 350. When the degree of polymerization is 
excessively high, the viscosity of a dope solution of the cel 
lulose acylate is increased, and thus ?lm preparation by How 
casting becomes dif?cult. When the degree of polymerization 
is excessively loW, the strength of the prepared ?lm is dete 
riorated. An average polymerization degree can be measured 
by the intrinsic viscosity method of Uda et al (Kazuo Uda and 
Hideo Saito, Bulletin of The Society of Fiber Science and 
Technology, Japan, vol. 18, No. 1, pp. 105-120 (1962)). It is 
also described in detail in JP-A No. 9-95538. 
[0101] Further, the molecular Weight distribution of the 
cellulose acylate preferably used in the ?rst embodiment is 
evaluated by gel permeation chromatography, and it is pre 
ferred that the polydispersity index MW/Mn (MW: Weight 
average molecular Weight, Mn: number-average molecular 
Weight) is small, While the molecular Weight distribution is 
narroW. Speci?c values of MW/ Mn preferably range from 1.0 
to 3.0, more preferably from 1.0 to 2.0, and most preferably 
from 1.0 to 1.6. 
[0102] An elimination of loW-molecular components 
results in an average molecular Weight (polymerization 
degree) increasing, but makes the viscosity become loWer 
than a conventionally used cellulose acylate, and thus, such 
elimination is useful. Cellulose acylate having reduced loW 
molecular components can be obtained by eliminating loW 
molecular components from cellulose acylate synthesized by 
a Well-knoWn method. The elimination of the loW-molecular 
components can be effected by rinsing the cellulose acylate 
With an appropriate organic solvent. In case of preparing 
cellulose acylate having reduced loW-molecular components, 
an amount of a sulfuric acid catalyst in the acylation reaction 
is preferably adjusted Within a range of 0.5 to 25 parts by 
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mass, With respect to 100 parts by mass of cellulose. The 
amount of a sulfuric acid catalyst Within the aforementioned 
range makes it possible to synthesize cellulose acylate that is 
adequate in the molecular Weight distribution (With uniform 
molecular Weight distribution). In the preparation of the cel 
lulose acylate used in the ?rst embodiment, the cellulose 
acylate preferably has a Water content of 2 mass % or less, 
more preferably 1 mass % or less and particularly preferably 
0.7 mass % or less. The cellulose acylate is knoWn to gener 
ally contain Water, in an amount of 2.5 to 5 mass %. In order 
to attain the aforementioned Water content of the cellulose 
acylate in the invention, drying is required. For the cellulose 
acylate of the invention, a raW material cotton and a synthe 
sizing method are described in detail in Japan Institute of 
Invention and Innovation, Technical Publication (Technical 
Publication No. 2001-1745, pp. 7-12, Mar. 15, 2001, pub 
lished by Japan Institute of Invention and Innovation). 
[0103] The cellulose acylate used in the ?rst embodiment 
may be employed singly or in a mixture of tWo or more kinds, 
provided that the substituent, the substitution degree, the 
polymerization degree, and the molecular Weight distribution 
are Within the aforementioned ranges. 

[Additive to Cellulose Acylate] 
[0104] To a solution of the cellulose acylate used for prepa 
ration of the cellulose acylate ?lm of the ?rst embodiment 
may be added various additives (for example, a compound for 
reducing optical anisotropy, a chromatic dispersion-regulat 
ing agent, an anti-ultraviolet agent, a plasticizer, an anti 
deterioration agent, ?ne particles or an optical property-regu 
lating agent) depending on various purposes in each of the 
preparation steps, and such additives Will be explained in the 
folloWing. And such addition may be carried out in any of the 
steps of preparing a dope, or may be carried out by adding a 
step of adding such additives to the ?nal preparation step in 
the process for preparing dope. 
[0105] It is preferred that the cellulose acylate ?lm used in 
the ?rst embodiment contains at least one compound capable 
of reducing an optical anisotropy, i.e. Re(%) and Rth(%), 
particularly at least one compound reducing the retardation in 
the direction of ?lm thickness, Rth, in an amount satisfying 
the folloWing formulas (I) and (II): 

(Rth(A)—Rth(0))/A§—1.0, and (I) 

0.01§A§30 (II) 

[0106] The formulas (I) and (II) are preferably: 

(Rth(A)—Rth(0))/A§—2.0, and (I-a) 

0052x225, (II-a) 

and more preferably: 

(Rth(A)—Rth(0))/A ;-3.0, and (I-b) 

0.1 gAgzo. (II-b) 

[0107] In the above formulas, Rth(A) is the Rth (nm) of the 
?lm containing A % of the compound reducing Rth, Rth(0) is 
the Rth (nm) of the ?lm not containing the compound reduc 
ing Rth, and A is the Weight (%) of the compound based on 
100% of the Weight of the raW material polymer of the ?lm. 

[Structural Feature of Compound for Reducing Optical 
Anisotropy of Cellulose Acylate Film] 
[0108] In the folloWing, there Will be explained a com 
pound for reducing the optical anisotropy of the cellulose 
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acylate ?lm. As a result of intensive investigations, the 
present inventors employ a compound capable of suppressing 
an ali gnment of cellulose acylate in the ?lm along the in-plane 
direction and the direction of ?lm thickness, thereby su?i 
ciently reducing the optical anisotropy so that both an Re 
value and an Rth value can be nearly 0. For this purpose, it is 
advantageous that the optical anisotropy reducing compound 
is suf?ciently compatible With cellulose acylate and does not 
have a rod-shaped structure or a planar structure in the com 
pound itself. Speci?cally, in case that the compound has 
plural planar functional groups such as aromatic groups, it is 
advantageous that the compound has a non-planar structure 
that does not have said functional groups on the same plane. 

(Log P Value) 

[0109] In the preparation of the cellulose acylate ?lm 
according to the ?rst embodiment, among the aforemen 
tioned compound for suppressing an alignment of cellulose 
acylate in the ?lm along the in-plane direction and the direc 
tion of ?lm thickness thereby suf?ciently reducing the optical 
anisotropy, preferred is a compound having an octanol-Water 
distribution coef?cient (log P value) Within a range of from 0 
to 7. A compound having a log P value exceeding 7 is poor in 
the compatibility With cellulose acylate, thus tending to cause 
a White turbidity or a poWdery formation in the ?lm. Also, a 
compound having a log P value less than 0 has a high hydro 
philicity and thus may deteriorate the Water resistance of the 
cellulose acylate ?lm. The log P value is more preferably 
Within a range of from 1 to 6, and particularly preferably 1.5 
to 5. 

[0110] The octanol-Water distribution coef?cient (log P 
value) can be measured by a ?ask permeation method 
described in Japan Industrial Standards (JIS) Z7260-107 
(2000). The octanol-Water distribution coef?cient (log P 
value) may also be estimated, instead of an actual measure 
ment, by a calculational chemical method or an empirical 
method. As a calculation method, Crippen’s fragmentation 
method (J. Chem. Inf. Comput. Sci., 27, 21 (1987)), VisWa 
nadhan’s fragmentation method (J. Chem. Inf. Comput. Sci., 
29, 163 (1989)), or Broto’s fragmentation method (Eur. J. 
Med. Chem.-Chim. Theor., 19, 71 (1984)), and the like is are 
preferably used, and the Crippen’s fragmentation method (J. 
Chem. Inf. Comput. Sci., 27, 21 (1987)) is more preferably 
used. In case that a compound shoWs different log P values 
depending on the measuring method or the calculation 
method, the Crippen’s fragmentation method is preferably 
used for judging as to Whether the compound is Within a range 
of the invention. 

[Physical Properties of Compound for Reducing Optical 
Anisotropy] 

[0111] An optical anisotropy-reducing compound may or 
may not include an aromatic group. The optical anisotropy 
reducing compound preferably has a molecular Weight of 150 
to 3000, more preferably 170 to 2000, and particularly pref 
erably 200 to 1000. Such compound may have, Within such 
range of the molecular Weight, a speci?ed monomer struc 
ture, or an oligomer structure or a polymer structure formed 
by a bonding of a plurality of such monomer unit. 

[0112] The optical anisotropy-reducing compound is pref 
erably either a liquid at 25° C. or a solid having a melting 
point of 25° C. to 250° C. and more preferably either a liquid 
at 25° C. or a solid having a melting point of25° C. to 200° C. 
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Also, the optical anisotropy-reducing compound preferably 
does not evaporate in the course of casting and drying a dope 
solution for preparing the cellulose acylate ?lm. 
[0113] An amount of addition of the optical anisotropy 
reducing compound is preferably 0.01 mass % to 30 mass % 
of the cellulose acylate, more preferably 1 mass % to 25 mass 
%, and particularly preferably 5 mass % to 20 mass %. Par 
ticularly, in the ?rst embodiment, at least one optical anisot 
ropy-reducing compound is preferably added to cellulose 
acylate With a degree of acyl substitution of 2.85 to 3.00 
Within the above range of amount. 

[0114] The optical anisotropy-reducing compound may be 
employed singly or in a mixture of tWo or more kinds in an 
arbitrary ratio. 
[0115] The optical anisotropy-reducing compound may be 
added any time in the process of preparation of a dope solu 
tion, or at the end of such process. 

[0116] The optical anisotropy reducing compound has an 
average content, in a portion from at least a surface of the 
cellulose acylate ?lm to a position of 10% of the total ?lm 
thickness, of 80% to 99% of an average content of such 
compound in a central portion of the cellulose acylate ?lm. 
An amount of the optical anisotropy-reducing compound can 
be determined by measuring amounts of the compound in a 
surface portion and a central portion by a method utiliZing an 
infrared absorption spectrum, as described in JP-A-8-57879, 
and the like. 

[0117] HereinbeloW, speci?c examples of the compounds 
for reducing optical anisotropy of the cellulose acylate ?lm 
Which is preferably used in the ?rst embodiment are given but 
the compounds used in the ?rst embodiment are not limited 
thereto. 

Formula (1) 
ORll 

o=P—oRl2 

ORB 

[0118] In Formula (1), R11 to R13 each independently rep 
resent an aliphatic group having 1 to 20 carbon atoms. R1 l to 
R13 may be bonded to each other to form a ring. 

Formula (2) 

{w \ (Y2l)m 
Formula (3) 

<1 
0522)” 

[0119] In Formulas (2) and (3), Z represents a carbon atom, 
an oxygen atom, a sulfur atom or iNRzsi, in Which R25 
represents a hydrogen atom or an alkyl group. 5- or 6-mem 
bered ring including Z may contain a substituent. Y21 andY22 
each independently represent an ester group, an alkoxycar 
bonyl group, an amide group or a carbamoyl group in Which 
the groups have 1 to 20 carbon atoms. Plural ofY21 and plural 
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of Y22 each may be taken together to form a ring. m is an 
integer ofl to 5. n is an integer ofl to 6. 

(5) 
V31 

(7) 
V32 V33 

44 (3) 
Y 

10 
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-continued 
(1 2) 

V40 V41 V42 V43 

Y65_L72_(|:_L78_(|:_L79 L80 L77_Y70 
]|_l73 {74 L75 L76 
L66 L67 L68 L69 

[0120] In Formulas (4) to (12), Y3 1 to Y70 each indepen 
dently represent an ester group having 1 to 20 carbon atoms, 
an alkoxycarbonyl group having 1 to 20 carbon atoms, an 
amide group having 1 to 20 carbon atoms, a carbamoyl group 
having 1 to 20 carbon atoms or a hydroxyl group. V31 to V43 
each independently represent a hydrogen atom, or an ali 
phatic group having preferably 1 to 20 carbon atoms. L31 to 
L80 each independently represent a divalent saturated linkage 
having 0 to 40 atoms. Herein, “L31 to L80 having 0 atom” 
means that the groups at both the ends of the linkage directly 
form a single bond. V31 to V43 and L31 to L80 may further 
contain a substituent. 

Formula (13) 

[0121] In Formula (13), R1 represents an alkyl group or an 
aryl group, and R2 and R3 each independently represent a 
hydrogen atom, an alkyl group or an aryl group. The total 
number of the carbon atoms of R1, R2 and R3 is 10 or greater. 
The alkyl group and the aryl group may have a substituent. 

Formula (14) 
O 

O 

[0122] In Formula (14), R4 and R5 each independently rep 
resent an alkyl group or an aryl group. The total number of the 
carbon atoms of R4 and R5 is 10 or greater. The alkyl group 
and the aryl group may have a substituent. 

Formula (15) 
O 

[l 
o// \o 
o | R2 

R1 R3 

X_Y 

[0123] In the above Formula (15), R1, R2 and R3 are pref 
erably each independently a hydrogen atom or an alkyl group. 
X is a divalent linking group composed of one or more kinds 
of groups selected from the linking groups 1 beloW. Y is a 
hydrogen atom, an alkyl group, an aryl group or an aralkyl 
group. R4 is a hydrogen atom, an alkyl group, an aryl group or 
an aralkyl group. 
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(Linking Groups 1) a single bond, 40*, iCOi, an alky 
lene group and an arylene group. 

Formula (I 6) 
Q2 

Q1—>|<—Q3 
[0124] Q1, Q2 and Q3 each independently represent 5- or 
6-membered ring. X represents B, CiR (R represents a 
hydrogen atom or a substituent.), N, P and P:O. 

Formula (I 7) 
R12 R22 

R21 
R13 R1 1 R23 

R14 X2 R24 

R15 R25 

R35 R31 

R34 R32 

R33 

Wherein X2 represents B, CiR (R represents a hydrogen 
atom or a substituent.) and N. R11, R12, R13, R14, R15, R21, 
R22, R23, R24, R25, R31, R32, R33, R34 and R35 represent a 
hydrogen atom or a substituent. 

Formula (I 8) 

[0125] In Formula (18), R1 represents an alkyl group or an 
aryl group, and R2 and R3 each independently represent a 
hydrogen atom, an alkyl group or an aryl group. The alkyl 
group and the aryl group may have a substituent. 
[0126] Preferable compounds of Formula (18) are repre 
sented by the folloWing Formula (1 9): 

Formula (I 9) 
o R6 

[0127] In Formula (1 9), R4, R5 , and R6 each independently 
represent an alkyl group or an aryl group. The alkyl group 
may be straight, branched or cyclic. The number of carbon 
atoms in the alkyl group is preferably 1 to 20, more preferably 
1 to 15, most preferably 1 to 12. Particularly preferable cyclic 
alkyl group is a cyclohexyl group. The number of carbon 
atoms in the aryl group is preferably 6 to 36, more preferably 
6 to 24. 
[0128] The alkyl group and the aryl group may have a 
substitutent. Preferable examples of the substituent include a 
halogen atom (e. g. a chlorine atom, a bromine atom, a ?uorine 
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atom and an iodine atom), an alkyl group, an aryl group, an 
alkoxy group, an aryloxy group, an acyl group, an alkoxycar 
bonyl group, an aryloxycarbonyl group, an acyloxy group, a 
sulfonylamino group, a hydroxy group, a cyano group, an 
amino group and an acylamino group. More preferable 
examples include a halogen atom, an alkyl group, an aryl 
group, an alkoxy group, an aryloxy group, a sulfonylamino 
group and an acylamino group. Particularly preferable 
examples include an alkyl group, an aryl group, a sulfony 
lamino group and an acylamino group. 

[0129] The compounds represented by Formula (1) are 
described hereinafter. 

[0130] In Formula (l), R11 to R13 each independently rep 
resent an aliphatic group having 1 to 20 carbon atoms. R1 l to 
R13 may be bonded to each other to form a ring. 

[0131] R11 to R13 is explained in detail. R11 to R13 are 
preferably an aliphatic group having 1 to 20, more preferably 
1 to 16 carbon atoms, and particularly preferably 1 to 12 
carbon atoms. Here, the aliphatic group is preferably an ali 
phatic hydrocarbon group, and preferably an alkyl group 
(including straight-chained, branched and cyclic alkyl 
groups), an alkenyl group or an alkynyl group. Examples of 
the alkyl group include methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, t-butyl, pentyl, t-amyl, n-hexyl, 
n-octyl, decyl, dodecyl, eicosyl, 2-ethylhexyl, cyclopentyl, 
cyclohexyl, cycloheptyl, 2,6-dimethyl cyclohexyl, 4-t-butyl 
cyclohexyl, cyclopentyl, l-adamanthyl, 2-adamanthyl, bicy 
clo[2.2.2]octane-3-yl and the like; examples of the alkenyl 
group include vinyl, allyl, prenyl, geranyl, oleyl, 2-cyclopen 
tene-l-yl, 2-cyclohexene-l-yl and the like; examples of the 
alkynyl group include ethynyl, propargyl and the like. 
[0132] The aliphatic group represented by R11 to R13 may 
be substituted or unsubstituted, and examples of the substitu 
ent include a halogen atom (a ?uorine atom, a chlorine atom, 
bromine atom or an iodine atom), an alkyl group (including 
straight-chained, branched and cyclic alkyl groups, a bicyclo 
alkyl group, an active methine group), an alkenyl group, an 
alkynyl group, an aryl group, a heterocyclic group (irrespec 
tive of the position to be substituted), an acyl group, an 
alkoxycarbonyl group, an aryloxycarbonyl group, a hetero 
cyclic oxycarbonyl group, a carbamoyl group, an N-acyl car 
bamoyl group, an N-sulfonyl carbamoyl group, an N-carbam 
oyl carbamoyl group, an N-sulfamoyl carbamoyl group, a 
carbaZoyl group, a carboxyl group or a salt thereof, an oxalyl 
group, an oxamoyl group, a cyano group, a carbonimidoyl 
group, a formyl group, a hydroxyl group, an alkoxyl group 
(including the groups having repetition of an ethyleneoxy 
group or propyleneoxy group unit), an aryloxy group, a het 
erocyclic oxy group, an (alkoxy or aryloxy) acyloxy group, a 
carbonyloxy group, a carbamoyloxy group, a sulfonyloxy 
group, an (alkyl, aryl or heterocyclic) amino group, an amino 
group, an acylamino group, a sulfonamide group, a ureido 
group, a thioureido group, an (alkoxy or aryloxy) imide 
group, a carbonylamino group, a sulfamoylamino group, a 
semicarbaZide group, an ammonia group, an oxamoylamino 
group, an N-(alkyl or aryl)sulfonylureido group, an N-acy 
lureido group, an N-acyl sulfamoylamino group, a heterocy 
clic group including a quaternary nitrogen atom (for example, 
a pyridinio group, an imidaZolio group, a quinolino group, an 
isoquinolinio group), an isocyano group, an (alkyl or aryl) 
imino group, a (alkyl or aryl) sulphonyl group, a sul?nyl 
group, a sulfo group or a salt thereof, a sulfamoyl group, an 
N-acyl sulfamoyl group, an N-sulfonyl sulfamoyl group or a 
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salt thereof, a phosphino group, a phosphinyl group, a phos 
phinyloxy group, a phosphinylamino group, a silyl group and 
the like. 
[0133] These groups may be bonded to each other to form 
a composite substituent, and examples of the substituent 
include an ethoxyethoxyethyl group, a hydroxyethoxyethyl 
group, an ethoxycarbonylethyl group and the like. Further, 
R1 l to R13 may contain a phosphoric ester group as a substitu 
ent, and the compound of Formula (1) may also contain a 
plurality of phosphoric ester groups Within the same mol 
ecule. 
[0134] The compounds represented by Formula (1) are 
described beloW. 
[0135] In Formulas (2) and (3), Z represents a carbon atom, 
an oxygen atom, a sulfur atom or iNRzsi, in Which R25 
represents a hydrogen atom or an alkyl group. 5- or 6-mem 
bered ring including Z may contain a substituent, a plurality 
of the substituents may be bonded to each other to form a ring. 
Examples of 5- or 6-membered ring including Z include 
tetrahydrofuran, tetrahydropyran, tetrahydrothiophene, 
thiane, pyrrolidine, piperidine, indoline, isoindoline, chro 
man, isochroman, tetrahydro-Z-furanone, tetrahydro-2-py 
rone, 4-butane lactam, 6-hexanolactam, and the like. 
[0136] Further, examples of the 5- or 6-membered ring 
including Z include a lactone structure or a lactam structure, 
i.e., a cyclic ester or cyclic amide structure having an oxo 
group in the neighboring carbon of Z. Examples of the cyclic 
ester or cyclic amide structure include 2-pyrrolidone, 2-pip 
eridone, S-pentanolide and 6-hexanolide. 
[0137] R25 represents a hydrogen atom, or an alkyl group 
(including (straight-chained, branched and a cyclic alkyl 
groups) having preferably 1 to 20 carbon atoms, more pref 
erably l to 16 carbon atoms, and particularly preferably 1 to 
12 carbon atoms. Examples of the alkyl group represented by 
R25 include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu 
tyl, sec-butyl, t-butyl, n-pentyl, t-amyl, n-hexyl, n-octyl, 
decyl, dodecyl, eicosyl, 2-ethylhexyl, cyclopentyl, cyclo 
hexyl, cycloheptyl, 2,6-dimethyl cyclohexyl, 4-t-butylcyclo 
hexyl, cyclopentyl, l-adamanthyl, 2-adamanthyl, bicyclo[2. 
2.2]octane-3 -yl and the like. The alkyl group represented by 
R25 may further contain a substituent, and examples of the 
substituent include those exempli?ed for the substituent of 
R1 l to R13. 

[0138] Y21 to Y22 each independently represent an ester 
group, an alkoxycarbonyl group, an amide group or a carbam 
oyl group. The ester may have preferably 1 to 20 carbon 
atoms, more preferably 1 to 16 carbon atoms, and particularly 
preferably 1 to 12 carbon atoms, and examples thereof 
include acetoxy, ethyl carbonyloxy, propylcarbonyloxy, 
n-butylcarbonyloxy, isobutylcarbonyloxy, t-butylcarbony 
loxy, sec-butylcarbonyloxy, n-pentylcarbonyloxy, t-amylcar 
bonyloxy, n-hexylcarbonyloxy, cyclohexylcarbonyloxy, 
l-ethyl pentylcarbonyloxy, n-heptylcarbonyloxy, n-nonyl 
carbonyloxy, n-undecylcarbonyloxy, benZylcarbonyloxy, 
l -naphthalenecarbonyloxy, 2-naphthalenecarbonyloxy, 
l-adamantane carbonyloxy and the like. 
[0139] The alkoxycarbonyl group may have preferably 1 to 
20 carbon atoms, more preferably 1 to 16 carbon atoms, and 
particularly preferably 1 to 12 carbon atoms, and examples 
thereof include methoxycarbonyl, ethoxycarbonyl, n-propy 
loxycarbonyl, isopropyloxycarbonyl, n-butoxycarbonyl, 
t-butoxycarbonyl, isobutyloxycarbonyl, sec-butyloxycarbo 
nyl, n-pentyloxycarbonyl, t-amyloxycarbonyl, n-hexyloxy 
carbonyl, cyclohexyloxycarbonyl, 2-ethyl-hexyl-hydroxy 
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carbonyl, l-ethylpropyloxycarbonyl, n-octyloxycarbonyl, 
3,7-dimethyl-3-octyloxycarbonyl, 3,5,5-trimethyl n-hexy 
loxycarbonyl, 4-t-butylcyclohexyloxycarbonyl, 2,4-dim 
ethyl pentyl-3-oxycarbonyl, l-adamantaneoxycarbonyl, 
2-adamantaneoxycarbonyl, dicyclopentadienyloxycarbonyl, 
n-decyloxycarbonyl, n-dodecyloxycarbonyl, n-tetradecy 
loxycarbonyl, n-hexadecyloxycarbonyl and the like. 
[0140] The amide group may have preferably 1 to 20 car 
bon atoms, more preferably 1 to 16 carbon atoms, and par 
ticularly preferably 1 to 12 carbon atoms, and examples 
thereof include acetamide, ethylcarboxamide, n-propylcar 
boxamide, isopropylcarboxamide, n-butylcarboxamide, 
t-butylcarboxamide, isobutylcarboxamide, sec-butylcar 
boxamide, n-pentylcarboxamide, t-amylcarboxamide, 
n-hexylcarboxamide, cyclohexylcarboxamide, l-ethyl pen 
tylcarboxamide, l-ethylpropylcarboxamide, n-heptylcar 
boxamide, n-octylcarboxamide, l-adamantanecarboxamide, 
2-adamantanecarboxamide, n-nonylcarboxamide, n-dode 
cylcarboxamide, n-pentacarboxamide, n-hexadecyl carboxa 
mide and the like. 
[0141] The carbamoyl group may have preferably 1 to 20 
carbon atoms, more preferably 1 to 16 carbon atoms, and 
particularly preferably 1 to 12 carbon atoms, and examples 
thereof include methylcarbamoyl, dimethylcarbamoyl, ethyl 
carbamoyl, diethylcarbamoyl, n-propylcarbamoyl, isopropy 
lcarbamoyl, n-butylcarbamoyl, t-butylcarbamoyl, isobutyl 
carbamoyl, sec-butylcarbamoyl, n-pentylcarbamoyl, 
t-amylcarbamoyl, n-hexylcarbamoyl, cyclohexylcarbamoyl, 
2-ethylhexylcarbamoyl, 2-ethyl butylcarbamoyl, t octylcar 
bamoyl, n-heptylcarbamoyl, n-octylcarbamoyl, l-adaman 
tanecarbamoyl, 2-adamantanecarbamoyl, n-decylcarbamoyl, 
n-dodecylcarbamoyl, n-tetradecylcarbamoyl, n-hexadecyl 
carbamoyl and the like. Y21 to Y22 may be bonded to each 
other to form a ring. Y21 to Y22 may further contain a substitu 
ent, and examples of the substituent include those exempli 
?ed for the substituent of R11 to R13. 
[0142] The compounds of Formulas (4) to (12) are 
described beloW. 

[0143] In Formulas (4) to (12), Y31 to Y70 each indepen 
dently represent an ester group, an alkoxycarbonyl group, an 
amide group, a carbamoyl group or a hydroxyl group. The 
ester group may have preferably 1 to 20 carbon atoms, more 
preferably 1 to 16 carbon atoms, and particularly preferably 1 
to 12 carbon atoms, and examples thereof include acetoxy, 
ethylcarbonyloxy, propylcarbonyloxy, n-butylcarbonyloxy, 
isobutylcarbonyloxy, t-butylcarbonyloxy, sec-butylcarbony 
loxy, n-pentylcarbonyloxy, t-amylcarbonyloxy, n-hexylcar 
bonyloxy, cyclohexylcarbonyloxy, l-ethyl pentylcarbony 
loxy, n-heptylcarbonyloxy, n-nonylcarbonyloxy, 
n-undecylcarbonyloxy, benZylcarbonyloxy, l-naphthalen 
ecarbonyloxy, 2-naphthalenecarbonyloxy, l-adamantane 
carbonyloxy and the like. 
[0144] The alkoxycarbonyl group may have preferably 1 to 
20 carbon atoms, more preferably 1 to 16 carbon atoms, and 
particularly preferably 1 to 12 carbon atoms, and examples 
thereof include l-ethylpropyloxycarbonyl, octyloxycarbo 
nyl, 3,7-dimethyl-3-octyloxycarbonyl, 3,5,5-trimethyl hexy 
loxycarbonyl, 4-t-butylcyclohexyloxycarbonyl, 2,4-dim 
ethyl pentyl-3-oxycarbonyl, l-adamantaneoxycarbonyl, 
2-adamantaneoxycarbonyl, dicyclopentadienyloxycarbonyl, 
decyloxycarbonyl, dodecyloxycarbonyl, tetradecyloxycar 
bonyl, hexadecyloxycarbonyl are given methoxycarbonyl, 
ethoxycarbonyl, n-propyloxycarbonyl, isopropyloxycarbo 
nyl, n-butoxycarbonyl, t-butoxycarbonyl, isobutyloxycarbo 
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nyl, sec-butyloxycarbonyl, n-pentyloxycarbonyl, t-amyloxy 
carbonyl, n-hexyloxycarbonyl, cyclohexyloxycarbonyl, 
2-ethyl-hexyl-hydroxycarbonyl and the like. 
[0145] The amide group may have preferably 1 to 20 car 
bon atoms, more preferably 1 to 16 carbon atoms, and par 
ticularly preferably 1 to 12 carbon atoms, and examples 
thereof include acetamide, ethyl carboxamide, n-propyl car 
boxamide, isopropyl carboxamide, n-butyl carboxamide, 
t-butyl carboxamide, isobutyl carboxamide, sec-butyl car 
boxamide, n-pentyl carboxamide, t-amyl carboxamide, 
n-hexyl carboxamide, cyclohexyl carboxamide, 1-ethyl pen 
tyl carboxamide, 1-ethylpropyl carboxamide, n-heptyl car 
boxamide, n-octyl carboxamide, l-adamantane carboxam 
ide, 2-adamantane carboxamide, n-nonyl carboxamide, 
n-dodecyl carboxamide, pentacarboxamide, n-hexadecyl car 
boxamide and the like. 

[0146] The carbamoyl group may have preferably 1 to 20 
carbon atoms, more preferably 1 to 16 carbon atoms, and 
particularly preferably 1 to 12 carbon atoms, and examples 
thereof include methylcarbamoyl, dimethylcarbamoyl, ethyl 
carbamoyl, diethylcarbamoyl, n-propyl carbamoyl, isopropyl 
carbamoyl, n-butyl carbamoyl, t-butyl carbamoyl, isobutyl 
carbamoyl, sec-butyl carbamoyl, n-pentyl carbamoyl, t-amyl 
carbamoyl, n-hexylcarbamoyl, cyclohexyl carbamoyl, 2-eth 
ylhexyl carbamoyl, 2-ethyl butyl carbamoyl, t-octyl carbam 
oyl, n-heptyl carbamoyl, n-octyl carbamoyl, 1-adamantane 
carbamoyl, 2-adamantane carbamoyl, n-decyl carbamoyl, 
n-dodecyl carbamoyl, n-tetradecyl carbamoyl, n-hexadecyl 
carbamoyl and the like. Y31 to Y70 may further contain a 
substituent, and examples of the substituent include those 
exempli?ed for the substituent of R11 to R13. 
[0147] V31 to V43 each independently represent a hydrogen 
atom, or an aliphatic group having preferably 1 to 20 carbon 
atoms, more preferably 1 to 16 carbon atoms, and particularly 
preferably 1 to 12 carbon atoms. Herein, the aliphatic group is 
preferably an aliphatic hydrocarbon group, more preferably 
an alkyl group (including straight-chained, branched and 
cyclic alkyl groups), an alkenyl group or an alkynyl group. 
Examples of the alkyl group include methyl, ethyl, n-propyl, 
isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, 
t-amyl, n-hexyl, n-octyl, decyl, dodecyl, eicosyl, 2-ethyl 
hexyl, cyclopentyl, cyclohexyl, cycloheptyl, 2,6-dimethyl 
cyclohexyl, 4-t-butylcyclohexyl, cyclopentyl, 1-adamanthyl, 
2-adamanthyl, bicyclo[2.2.2]octane-3-yl and the like; 
examples of the alkenyl group include vinyl, allyl, prenyl, 
geranyl, oleyl, 2-cyclopentene-1-yl, 2-cyclohexene-1-yl and 
the like; and examples of the alkynyl group include ethynyl, 
propargyl and the like. V31 to V43 may further contain a 
substituent, and examples of the substituent include those 
exempli?ed for the substituent of R11 to R13. 
[0148] L31 to L80 each independently represent a divalent 
saturated linkage having 0 to 40 atoms. Herein, the descrip 
tion, “L3 1 to L80 having 0 atom” means that the groups at both 
the ends of the linkage directly form a single bond. Preferred 
examples of L31 to L77 include an alkylene group (for 
example, methylene, ethylene, propylene, trimethylene, tet 
ramethylene, pentamethylene, hexamethylene, methylethyl 
ene, ethylethylene and the like), a cyclic divalent group (for 
example, cis-1,4-cyclohexylene, trans-1,4-cyclohexylene, 
1,3-cyclopentylidene and the like), ether, thioether, ester, 
amide, sulfone, sulfoxide, sul?de, sulfonamide, ureylene, 
thioureylene and the like. Examples of the composite sub 
stituent include i(CH2)2O(CH2)2i, i(CH2)2O(CH2)2O 
(CH2)*: *(CH2)2S(CH2)2*: *(CH2)2O2C(CH2)2* and 
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the like. L31 to L80 may further contain a substituent, and 
examples of the substituent include those exempli?ed for the 
substituent of R11 to R13. 

[0149] Preferred examples of the compound formed by 
combinations ofY31 to Y7O, V3 l to V43 and L31 to L80 include 
citric acid esters (for example, O-acetyl triethyl citrate, 
O-acetyl tributyl citrate, acetyl triethyl citrate, acetyl tributyl 
citrate, O-acetyl tri(ethyloxycarbonyl methylene) citrate and 
the like), oleic acid esters (for example, ethyl oleate, butyl 
oleate, 2-ethylhexyl oleate, phenyl oleate, cyclohexyl oleate, 
octyl oleate and the like), ricinoleic acid esters (for example, 
methyl acetyl ricinoleate and the like), sebacic acid esters (for 
example, dibutyl sebacate and the like), carboxylic acid esters 
of glycerin (for example, triacetin, tributyrin and the like), 
glycolic acid esters (for example, butyl-phthalyl-butyl glyco 
late, ethyl phthalylethyl glycolate, methyl phthalylethyl gly 
colate, butyl-phthalyl-butyl glycolate, methyl phthalyl 
methyl glycolate, propyl phthalyl propyl glycolate, butyl 
phthalyl-butyl glycolate, octyl phthalyl octyl glycolate and 
the like), carboxylic acid esters of pentaerythritol (for 
example, pentaerythritol tetraacetate, pentaerythritol tetraac 
etate and the like), carboxylate of dipentaerythritol (for 
example, dipentaerythritol hexaacetate, dipentaerythritol 
hexabutylate, dipentaerythritol tetraacetate and the like), car 
boxylic acid esters of trimethylolpropane (trimethylolpro 
pane triacetate, trimethylolpropane diacetate, trimethylolpro 
pane monopropionate, trimethylolpropane tripropionate, 
trimethylolpropane tributylate, trimethylolpropane tripiv 
aloate, trimethylolpropane tri(t-butyl acetate), trimethylol 
propane di-2-ethylhexanate, trimethylolpropane tetra-2-eth 
ylhexanate, trimethylolpropane diacetate monooctanate, 
trimethylolpropane trioctanoate, trimethylolpropane tri(cy 
clohexane carboxylate) and the like), glycerol esters as 
described in JP-A No. 11-246704, digylcerol esters as 
described in JP-A. No. 2000-63560, citric acid esters as 
described in JP-A. No. 11-92574, pyrrolidone carboxylic 
acid esters (methyl 2-pyrrolidone-5 -carboxylate, ethyl 2-pyr 
rolidone-5-carboxylate, 2-pyrrolidone-5-butyl carboxylate, 
2-ethylhexyl 2-pyrrolidone-5-carboxylate), cyclohexanedi 
carboxylic acid esters (dibutyl 1,2-cis-cyclohexanedicar 
boxylate, dibutyl trans-1,2-cyclohexanedicarboxylate, dibu 
tyl cis-1,4-cyclohexanedicarboxylate, dibutyl trans-1,4 
cyclohexanedicarboxylate), xylitol carboxylic esters ate 
(xylitol pentaacetate, xylitol tetraacetate, xylitol 
pentapropionate. 
[0150] HereinbeloW, examples of the compound of the 
invention represented by Formulas (1) to (12) are given. For 
Formula (1), Compounds C-1 to C-76 are given, and for 
Formulas (2) to (12), Compounds C-201 to C-231, C-401 to 
C-448 are given. The values of log P as described in the tables 
or in the parenthesis are determined according to a Crippen’s 
fragmentation method (J. Chem. Inf. Comput. Sci., 27, 21 
(1 987). 

0R1 

0: P—oR2 

0R3 

wherein R1 to R3 have the same meanings as R1 l to R13 in the 
above-described Formula (1), and speci?c examples thereof 
are shoWn beloW as Compounds C-1 to C-76. 


















































































































































































































